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FOREWORD 


This publication is intended as a guide to determine the density or relative den- 
sity (specific gravity), or API gravity of light hydrocarbons, including liquefied 
petroleum gases, by using a pressure hydrometer. 

A comprehensive API Manual of Petroleum Measurement Standards is currently 
being prepared. The manual will include all subject matter now found in API meas- 
urement publications—excluding evaporation loss measurement—as well as new 
material. 

Suggested revisions are invited and should be submitted to the director of the 
Measurement Coordination Department, American Petroleum Institute, 2101 L 
Street, N.W., Washington, D.C. 20037. 
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Chapter 9—Density Determination 


SECTION 2—PRESSURE HYDROMETER TEST METHOD FOR DENSITY OR 
RELATIVE DENSITY 


9.2.0 Introduction 


The method of test specified in this publication is 
identical with that of DIS 3993 of the International 
Organization for Standardization (ISO).! However, the 
numbering of the elements in DIS 3993 has been adapted 
to suit the API Manual of Petroleum Measurement 
Standards, and use of 20°C as an alternate reference 
temperature has been dropped in favor of 15°C only. 
Likewise, references in the ISO document to ISO/R91 
petroleum measurement tables have been replaced 
with a reference to Chapter 11.1, “Physical Data Tables” 
of this manual. 

This publication does not endorse or advocate the 
preferential use of any specific type of equipment, nor 


is it intended to restrict future development of any such © 


equipment. It is not the intent of this publication to set 
specific standards but only to serve as a guide by which 
acceptable approaches to the desired end result may be 
obtained. 


9.2.1 Scope and Field of Application 


This chapter specifies a method for determining the 
density or relative density of light hydrocarbons, in- 
cluding liquefied petroleum gases. 

The prescribed apparatus should not be used for 
materials having vapor pressures higher than 1.4 mega- 
pascals (14 bar) at the test temperature. (The SI unit of 
pressure is the pascal: 1 Pa = 1 N/m’; 10° Pa = 1 bar = 
1.01972 kgf/cm?.) 


Note 1; Attention is drawn to the hazards encountered when working 
with liquefied petroleum gas or light hydrocarbons. The require- 
ments of any national, local, or domestic safety code should always 
be strictly observed. 


9.2.2 Summary of Method 


The apparatus is purged with a portion of the sample 
before filling with the portion to be used for testing. 
The pressure cylinder is filled to a level at which the 
enclosed hydrometer floats freely. The hydrometer 
reading and the temperature of the sample are noted. 


‘International Organization for Standardization, 1, rue de Varembé, 
Case postale 56, CH-1211 Genéve 20, Switzerland. 
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9.2.3 Significance 


The density or relative density of light hydrocarbons 
and liquefied petroleum gases is determined to satisfy 
transportation, storage, and regulatory requirements. 
Although this determination does not describe any par- 
ticular performance characteristic, density or relative 
density can be used to indicate approximate component 
concentrations in liquefied petroleum mixtures. 


9.2.4 Definitions 


Terms used in this method are defined as follows: 
Density is the mass of the liquid per unit volume at a 
temperature ¢. 


Nore 2: When reporting the density, the units of mass and volume 
used together with the temperature must be explicitly stated; for 
example, grams per millilitre at °C. The standard reference temper- 
atures are 15°C and 60°F. 

Relative density (this term now replaces the former 
term specific gravity) is the ratio of the mass of a given 
volume of the liquid at a temperature 4 to the mass of 
an equal volume of pure water at a temperature bh, 


Note 3: When reporting the relative density, the temperatures f, and 
th must be explicitly stated; for example, relative density 60/60°F. The 
standard reference temperatures in general use are 15°C and 60°F 
for both 4, and é, but other temperatures may be employed for 1. 


9.2.5 Apparatus 


The apparatus necessary for this method are de- 
scribed and listed as follows: 


1. Glass hydrometers, graduated in units of density or 
relative density, with a range of 0.570 to 0.650 or 0.500 
to 0,580, and conforming to the dimensions given in 
Table 1. Calibrate the hydrometers in accordance with 
9.2.8. Calibration corrections should be applied if the 
scale errors are in excess of one scale division. 

2. Thermometers having a sensitivity of at least 2.7 mil- 
limetres per 1°C (1.5 millimetres per 1°F) calibrated 
for total immersion and of suitable dimensions to fit 
inside the hydrometer cylinder. A thermometer con- 
forming to ISO/R 653, Long solid-stem thermometers 
for precision use, SYL/0.2/—15/+45 is recommended. 
The thermometer shall be held firmly inside the hydro- 
meter cylinder by a clip. 
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Table 1—Specifications for Pressure Hydrometers 
Description Specification 
Overall length 330 millimetres maximum 


Alternative ranges 0.500 to 0.580 
0.570 to 0,650 

Graduated 0.005 

Subdivisions 0.0005 

Body diameter 13 to 20 millimetres 


Body wall thickness 
Stem diameter 
Stem wall thickness 
Scale length 


0.4 to 0.6 millimetre 

8 to 9 millimetres 

0.3 to 0.35 millimetre 
110 to 130 millimetres 


3. A clear glass or plastic hydrometer cylinder, for ex- 
ample, polymethylmethacrylate or equivalent material, 
conforming to the design and dimensions given in Fig- 
ure 1. The ends shall be tightly sealed with neoprene 
gaskets and metal end-plates as shown in the figure. 

Caution: A protective shield shall be placed around the plastic or 


glass cylinder. Replace any cylinders that show signs of fogging, 
crazing. cracking, or etching, 


Note 4: Certain compounds attack plastics and cloud the inner sur- 
face of the cylinder, making it difficult or impossible to read the hy- 
drometer. Tests showed no attack by ethane, ethylene, propane, 
propylene, butane, isobutane, normal butylenes,. isobutylene, pen- 
tane, and isopentane, and no altack is expected from butadiene and 
acetaldehyde. Users are cautioned, however, to clean the cylinder 
thoroughtly after each determination. 

Ketones and alcohols must not be used for cleaning as they attack 
and weaken plastics, while aromatics also tend to attack the surface 
of plastics and similarly should not be used. 


The liquid inlet valve and the liquid outlet valve of 
the cylinder shall be tightly connected to a base plate, 
which shall be bored to give both valves a common inlet 
to the cylinder. The vapor vent valve shall be similarly 
connected to the top plate, which shall be bored to 
provide a vapor outlet from the pressure cylinder. All 
valves shall be 14 inch or equivalent needle valves. 

The cylinder shall not-be operated at a gauge pres- 
sure greater than 1.4 megapascals (14 bar). 
4, A water bath fitted with a thermostat or other means 
of maintaining the bath at a constant temperature of 
15° £0.2°C or 60° +0.5°F and of such dimensions that 
the hydrometer cylinder can be completely immersed. 


9.2.6 Reference Liquids 


The following reference liquids are required for 
standardization of the hydrometer: 


1, Pure grade propane having a nominal! density of 
0.5076 grams per millilitre at 15°C or 0.5000 grams per 
cubic centimetre at 20°C or a relative density 60/60°F 
of 0.5073. 

2. Pure grade n-butane having a nominal density of 
0.5845 grams per millilitre at 15°C or 0.5788 grams per 
cubic centimetre at 20°C, or a relative density 60/60°F 
of 0.5854. 
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9.2.7 Sampling 


The procedure for sampling for calibration of the 
apparatus and for subsequent testing is described in 
9.2.7.1 through 9.2.7.5, 


9.2.7.1 Connect the source of supply of the liquid to be 
tested to the inlet valve by suitable fittings so that a 
representative sample can be introduced into the cylin- 
der. Ascertain that these connections are free from 
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Figure 1—Pressure Hydrometer Cylinder 
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SECTION 2—PRESSURE HYDROMETER TEST METHOD 3 


leaks. Open the outlet valve and purge the sampling 
connections by opening the inlet valve slightly, per- 
mitting the product to flow through the outlet valve at 
the bottom of the cylinder. 


9.2.7.2 When the connections have been purged, close 
the outlet and vent valves and open the inlet valve, per- 
mitting the liquid to enter the cylinder until it is full. If 
necessary, the vent valve may be opened slightly to per- 
mit complete filling of the cylinder and then closed. At 
no time shall the pressure in the cylinder be allowed to 
rise above a gage pressure of 1.4 megapascals (14 bar). 


9.2.7.3 When the cylinder has been filled, close the 
inlet valve and open the outlet valve, permitting the 
contents of the cylinder to be withdrawn completely 
and the pressure inside the cylinder to be reduced to 
that of the atmosphere. 


9.2.7.4 Close the outlet valve and open the inlet valve, 
filling the cylinder to a level at which the enclosed 
hydrometer floats freely. If it is necessary to accomplish 
this filling by venting vapor through the vent valve, 
repeat the purging to cool the cylinder sufficiently to 
permit its being filled without the necessity of venting. 


9.2.7.5 With all valves closed, examine the apparatus 
for leaks. If leaks are detected, discard the sample, 
reduce the pressure to atmospheric, and repair the 
leaks. Repeat the sampling procedure. 


9.2.8 Calibration of Apparatus 


9.2.8.1 Carefully clean and dry the hydrometer and the 
inside wall of the pressure cylinder. 


9.2.8.2 Insert the hydrometer in the pressure cylinder 
and attach the thermometer and cover plate. Connect 
the source of supply of the reference liquid to the inlet 
valve, and ascertain that the connections are free from 
leaks, Open the outlet valve and purge the connections 
by opening the inlet valve slightly. 


9.2.8.3 When the connections have been purged, close 
the outlet and vent valves and open the inlet valve, per- 
mitting the liquid to enter the cylinder until it is full. If 
necessary, the vent valve may be opened slightly to per- 
mit complete filling, after which it should be closed. 
The pressure of the cylinder must never rise above a 
gage pressure of 1.4 megapascals (14 bars). 


9.2.8.4 When the cylinder has been-filled, close the 
inlet valve and open the outlet valve, permitting. the 


+ 
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liquid to be withdrawn completely and the pressure in- 
side the cylinder to be reduced to atmospheric. 


9.2.8.5 Close the outlet valve and open the inlet valve, 
filling the cylinder to a level where the enclosed hy- 
drometer floats freely. If the vapor pressure is too 
high to permit adequate filing, the cylinder must be 
cooled. This is accomplished by repeating the purging 
operation. 

When the cylinder is filled to the normal operating 
level, close the inlet valve and examine the apparatus 
for leaks. If any are detected, withdraw the liquid, re- 
duce the pressure to atmospheric, and repair the leaks. 
Repeat the purging and filling operations. 


9.2.8.6 Disconnect the cylinder from the source of 
supply of liquid and place it in the water bath main- 
tained at 15 £0.2°C or 60 +0.5°F until thermal equilib- 
rium has been obtained. To accelerate thermal adjust- 
ment, occasionally remove the cylinder from the water 
bath, tilt to a horizontal position, rock gently a few 
times fo ensure mixing, and replace in the water bath. 
Exercise care to prevent damage to the hydrometer and 
thermometer. 


9.2.8.7 Remove the cylinder from the water bath, 
stand it on a firm level surface, and while the hydrom- 
eter is floating freely, take the hydrometer reading 
promptly in the following manner: Observe a point 
slightly below the plane of the liquid surface and then 
raise the line of vision until this surface, seen as an 
ellipse, becomes a straight line. The point where this 
line cuts the hydrometer scale is the reading of the 
instrument. A white card held behind the cylinder just 
below the liquid level will improve the visibility of the 
surface. Estimate the hydrometer reading to the near- 
est one-fifth scale division. 


9.2.8.8 Repeat the calibration with a second sample. 
Average the two results, if these differ by less than 
0.0005, and deduct the average from the density or 
relative density of the reference liquid to obtain the 
correction to be applied. 

If the two results differ by more than 0.0005, repeat 
the determinations. 

After each determination, empty the cylinder and 
vent to reduce the pressure to atmospheric. 


9.2.9 Procedure 


9.2.9.1 Purge and empty the apparatus and draw a 
sample of the product to be tested as in 9.2.7, 


€ 
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9.2.9.2 Disconnect the cylinder and place it in. the 
water bath maintained at approximately 15°C or 60°F 
until the temperature of the contents has reached 15 
+0,2°C or 60 £0.5°F, as indicated by the thermometer 
enclosed in the cylinder. To accelerate thermal adjust- 
ment, occasionally remove the apparatus from the 
water bath, gently invert and tilt, and replace in 
the water bath. Exercise care during this operation 
to prevent damage to the enclosed hydrometer and 
thermometer. 


9.2.9.3 When the product in the cylinder has reached 
a constant temperature of 15 +£0.2°C or 60 +0,5°F, 
remove the apparatus from the water bath and while 
the hydrometer is floating freely, observe and record 
the hydrometer reading as quickly as possible. Read 
and record the temperature to the nearest 0.2°C or 
0.5°F. Immediately after each determination, empty 
the liquid from the cylinder and vent to reduce the 
pressure to atmospheric. Highly volatile liquids and 
liquefied petroleum gases must not be left in the appa- 
ratus since, at high ambient temperatures, they might 
generate sufficient pressure to burst the cylinder. 

Nore 5: For measurements in the field, this method may be used 


at ambient temperatures, with the realization that the accuracy is 
decreased. 


Caution: If so used, the cylinder must be vented and the test dis- 
carded if the pressure in the cylinder rises above a gage pressure of 
1.4 megapascals (14 bar). 


The result must be reported as corrected in accord- 
ance with the petroleum measurement tables referred 
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to in Chapter 11.1, “Physical Data Tables,” using Tables 
23 for correction of relative density to 60/60°F or 
Tables 53 for correction of density to 15°C. 


9.2.10 Precision 


The precision of the method, as obtained by statis- 
tical examination of inter-laboratory test results, is 
described in 9.2.10.1 and 9.2.10.2. 


9.2.10.14 REPEATABILITY 


The difference between successive test results, ob- 
tained by the same apparatus under constant operating 
conditions on identical test material, would in the long 
run, in the normal and correct operation of the test 
method, exceed the following value only in one case 
in twenty: 0.001, 


9.2.10.2 REPRODUCIBILITY 


The difference between two single and independent. 


results, obtained by different laboratories on identical 
test material, would in the long run, in the normal and 
correct operation of test method, exceed the following 
value only in one case in twenty: 0.003. 


9.2.11 Test Report 


Correct the observed hydrometer reading, if neces- 
sary, and report the corrected reading to the nearest 
0.001 density or relative density. 
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